Objective. Having previously demonstrated that the complement system modulates mobilization of hematopoietic stem/progenitor cells (HSPC) in mice, we investigated the involvement of C5 cleavage fragments (C5a/ desArg C5a) in human HSPC mobilization. Materials and Methods. C5 cleavage fragments in the plasma were evaluated by enzymelinked immunosorbent assay using human anti-desArg C5a antibody, and expression of the C5a/ desArg C5a receptor (CD88) in hematopoietic cells by flow cytometry. We also examined the chemotactic responses of hematopoietic cells to C5 cleavage fragments and expression of stromal cellLderived factor-1 (SDF-1)Ldegrading proteases that perturb retention of HSPC in bone marrow, namely matrix metalloproteinase (MMP)-9, membrane type (MT) 1LMMP, and carboxypeptidase M. Results. We found that plasma levels of desArg C5a are significantly higher in patients who are good mobilizers and correlate with CD34 + cell and white blood cell counts in mobilized peripheral blood. C5 cleavage fragments did not chemoattract myeloid progenitors (colonyforming unit granulocyte-macrophage), but desArg C5a did strongly chemoattract mature nucleated cells. Consistently, CD88 was not detected on CD34 + cells, but appeared on more mature myeloid precursors, monocytes, and granulocytes. Moreover, granulocyte colonystimulating factorLmobilized peripheral blood mononuclear cells and polymorphonuclear cells had a significantly higher percentage of cells expressing CD88 than nonmobilized peripheral blood. Furthermore, C5a stimulation of granulocytes and monocytes decreased CXCR4 expression and chemotaxis toward an SDF-1 gradient and increased secretion of MMP-9 and expression of MT1LMMP and carboxypeptidase M. Conclusion. C5 cleavage fragments not only induce a highly proteolytic microenvironment in human bone marrow, which perturbs retention through the CXCR4/SDF-1 axis, but also strongly chemoattracts granulocytes, promoting their egress into mobilized peripheral blood, which is crucial for subsequent mobilization of HSPC. Ó
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It is known that interactions between the chemokine stromal cellÀderived factor-1 (SDF-1) and its receptor CXCR4 generate signals that regulate the trafficking of hematopoietic stem/progenitor cells (HSPC) (reviewed in [1, 2] ). Bone marrow (BM) stromal cells and osteoblasts constitutively produce SDF-1, which is a potent chemoattractant for HSPC [3] . During HSPC mobilization, a perturbation of the SDF-1 chemotactic gradient in the BM occurs with a concomitant decrease in the responsiveness of HSPC toward it. Various molecules have been implicated in the process of HSPC mobilization, with emerging evidence that innate immunity components, including the complement cascade (CC), neutrophils, and Toll-like receptors, play a key role in it [4, 5] .
Activation of complement triggers a cascade of reactions generating various bioactive peptides, including the C5 cleavage fragments (C5a and desArg C5a), which are responsible for the recruitment of inflammatory cells to sites of infection [6] . The biological activities of C5a are specifically mediated by its interaction with its seventransmembrane domain receptors, C5aR (C5R1, CD88) and C5L2 (GPR77), although fewer biologically relevant interactions have been found with the latter receptor [7, 8] . Serum and cell-surface carboxypeptidases readily convert short-lived C5a to long-lived desArg C5a by removing the C-terminal arginine. Patients with inflammatory disorders have elevated levels of C5a and desArg C5a in their sera [9] .
It has been reported that granulocyte colony-stimulating factor (G-CSF)Àinduced mobilization is impaired in patients suffering from severe combined immunodeficiency disease, i.e., those who lack functional B and T lymphocytes [10] , supporting the idea that the egress of HSPC from the BM occurs as part of the immune response. Interestingly, we have demonstrated that C3a enhances/primes the chemotactic responses of HSPC to SDF-1, resulting in faster engraftment of HSPC after their transplantation into lethally irradiated animals [11, 12] . Subsequently, studies using C3-deficient (C3 À/À ) and C3a receptorÀdeficient (C3aR À/À ) mice revealed that the C3a-C3aR axis protects HSPC from uncontrolled egress from the BM and that blockade of this axis increases mobilization [13] . On the other hand, C5-and Ig-deficient mice are poor mobilizers, indicating that C5 cleavage fragments may be pivotal in HSPC mobilization [14] . Hence, we postulated that mobilization of HSPC is regulated differently at different levels of the complement-activation cascade. In this study, we examined whether C5 cleavage fragments play a role in mobilization of human HSPC and how they affect the SDF-1/CXCR4 axis. We investigated whether C5a upregulates secreted and membranebound matrix metalloproteinases (MMPs) as well as carboxypeptidase M (CPM), known to inactivate SDF-1a [15, 16] . We report, for the first time, that C5 cleavage fragments may induce a highly proteolytic microenvironment in human BM that perturbs the homing effects of the CXCR4/SDF-1 axis and, as strong chemoattractants for granulocytes, they promote their egress into mobilized peripheral blood (mPB), facilitating subsequent mobilization of HSPC.
Materials and methods
Patients, cells, and cultures BM was obtained from unrelated donors and PB from normal donors and patients diagnosed with non-Hodgkin's lymphoma who had been mobilized with chemotherapy and G-CSF (Filgrastim, 5 mg/kg twice a day; Amgen, Thousand Oaks, CA, USA). All samples were obtained with donors' and patients' informed consent in accordance with the guidelines approved by the University of Alberta Health Research Ethics Board. During mobilization, CD34 þ cell and white blood cell (WBC) counts were monitored and leukapheresis carried out. Light-density mononuclear cells (MNC) from BM and from leukapheresis products were obtained by centrifugation (using a 60% Percoll density gradient, 1.077 g/mL; Amersham, Uppsala, Sweden). CD34 þ cell separation was carried out using the Miltenyi MACS system (Miltenyi Biotec, Auburn, CA, USA) according to manufacturer's instructions. Polymorphonuclear (PMN) cells were isolated by centrifugation using Lympholyte-poly (Cedarlane, Burlington, ON, Canada). BM leukocytes were prepared by lysing red blood cells with lysis buffer (150 mM NH 4 Cl, 1 mM EDTA, 10 mM NaHCO 3 ) for 10 minutes at room temperature. Cells were stimulated or not (controls) with either recombinant human (rh) G-CSF (100 ng/mL, R&D Systems, Minneapolis, MN, USA) or rhC5a (10 ng/mL or 100 ng/mL; Cedarlane) in RMPI-1640 with 5% bovine growth serum (Hyclone; ThermoFisher Scientific, Nepean, ON, Canada) for 15 hours at 37 C. Erythroid, myeloid, and megakaryocytic progenitors were expanded from mPB CD34 þ cells as described previously [17] . Cells were stained for CD88 on days 3, 6, and 11 of expansion, and on day 11 for CD34, glycophorin A (erythroid), CD33 (myeloid), and CD41 (megakaryocytic) lineage markers.
Enzyme-linked immunosorbent assay (ELISA) Levels of C5a in plasma samples from normal donors and mobilized patients were determined using the OptEIA Human C5a ELISA kit II (BD Biosciences, San Jose, CA, USA). Standards and samples (20-fold dilution) were added in duplicate to wells precoated with monoclonal antibody specific for human desArg C5a. After incubation for 2 hours at room temperature, wells were washed and a mixture of biotinylated anti-human C5a antibody and streptavidin-horseradish peroxidase was added, followed by incubation for 1 hour at room temperature. Wells were washed and then 3,3 0 5,5 0 -tetramethylbenzidine substrate solution was added, which produced a blue color in direct proportion to the amount of desArg C5a present in the sample. Stop solution (1 M phosphoric acid) was added and optical density read at 450 nm.
Fluorescence-activated cell sorting (FACS) analysis
Expression of the CD88 antigen was examined with anti-CD88 monoclonal antibody (BD Biosciences, Mississauga, ON, Canada) followed by staining with goat anti-mouse AlexaFluor-488 secondary antibody (Invitrogen, Burlington, ON, Canada). Briefly, cells were washed three times in buffer (phosphate-buffered saline with 0.1% bovine serum albumin) and incubated with isotype immunoglobulin G, anti-CD88 monoclonal antibody for 45 minutes on ice, followed by a further washing (three times) and staining with the secondary antibody for 30 minutes on ice. After the final wash, cells were fixed in 1% paraformaldehyde and analyzed by FACS (FACscan; Becton Dickinson, San Jose, CA, USA). Lymphocytes, monocytes, and granulocytes were defined based on their forward scatter and side scatter using FCS Express (De Novo Software, Los Angeles, CA, USA). For CXCR4 expression, cells were stained with CD45Àfluorescein isothiocyanate (Beckman Coulter, Mississauga, ON, Canada) and CXCR4 phycoerythrin-Cy5 (BD Biosciences) for 45 minutes on ice, washed, fixed, and analyzed by FACS using CD45 gating.
Gel-based and quantitative real-time reverse transcription polymerase chain reaction (RT-PCR)
Total RNA from MNC and PMN cells was extracted using TRIzol Reagent (Invitrogen) according to manufacturer's instructions. Gel-based RT-PCR reactions were carried out as described previously using human glyceraldehyde phosphate dehydrogenase as internal control to evaluate transcripts for CD88, CXCR4, MT1-MMP, and CPM [16, 18] . The primer sequences used for CD88 (NM_001736.3) are as follows: sense, 5 0 -ATACCACCCCTGAT TATGG and anti-sense, 5 0 -CCATCAATGCCATCTGGTTC. Gels were visualized under ultraviolet light and photographed using the FluorChem Imaging System (Alpha Innotech, San Leandro, CA, USA). Semi-quantitative evaluation by densitometric analysis of the bands in each sample was carried out using NIH Image J software (NIH, Bethesda, MD, USA). The relative level of target messenger RNA was regarded as the ratio between the intensities of the target primer and the glyceraldehyde phosphate dehydrogenase bands.
For quantitative real-time RT-PCR, the Superscript II reverse transcriptase kit (Invitrogen) was used to synthesize first-strand complementary DNA. PCR amplification was carried out in triplicate in a 384-well plate on a 7900HT Fast Real 7500 Sequence Detector using the TaqMan Gene Expression Assay (Applied Biosystems, Foster City, CA, USA). Results were analyzed with the ABI Prism 7900HT Sequence Detection System software version 2.3 (Applied Biosystems). Each reaction was normalized by the cycle threshold (Ct) of human glyceraldehyde phosphate dehydrogenase complementary DNA expression (primer 4326317E, Applied Biosystems). Relative expression of human MT1-MMP (HS00237119_m1; Applied Biosystems) was calculated with the DDCt method. The fold-change ratio was calculated and expressed as mean 6 standard deviation.
Chemotaxis assay
Chemotaxis toward C5 cleavage fragments was performed using normal red blood cellÀlysed PB or BM PMN cells resuspended in assay media (RPMI/0.5% bovine serum albumin) and equilibrated for 30 minutes at 37 C as described [19] . Assay media (650 mL) containing rhC5a (70 ng/mL and 18 ng/mL; Calbiochem, La Jolla, CA, USA), purified human desArg C5a (70 ng/mL and 18 ng/mL; Calbiochem), or rhSDF-1a (50 ng/mL; PeproTech, Rocky Hill, NJ, USA) was added to the lower chambers of a Costar Transwell 24-well plate (Costar Corning, Cambridge, MA, USA). Aliquots of cell suspension (1 Â 10 6 cells/100 mL) were loaded onto the upper chambers with 5-mm pore filters and incubated for 3 hours (37 C, 95% humidity, 5% CO 2 ) and cells from the lower chambers were scored using FACS analysis. In some experiments, migrated cells harvested from the lower chambers were plated in semi-solid methylcellulose base media (R & D Systems), supplemented with rh granulocyte-macrophage CSF (7.5 ng/mL) and rh interleukin-3 (15 ng/mL) and cultures were incubated for 7 days, at which time they were scored for colony-forming unit granulocyte-macrophage colonies. In another set of experiments, responses toward various concentrations of SDF-1 were evaluated as described previously [20] , using media without (control) or with SDF-1a (50, 100, and 200 ng/mL; Biomedical Research Centre, University of British Columbia, Vancouver, BC, Canada) placed in the lower chambers. Aliquots of PMN cells (2 Â 10 5 cells) without (control) or with rhC5a (100 ng/mL), and in the presence of epigallocatechin gallate (50 mM), o-phenanthroline (0.5 mM), or neutrophil serine protease inhibitor phenylmethylsulphonyl fluoride (1 mM), were loaded onto the upper chambers and incubated for 3 hours (37 C, 95% humidity, 5% CO 2 ). Cells that had migrated to the bottom chamber were harvested and counted using a hemocytometer.
Zymography and Western blot BM leukocytes, PMN from normal donors, and MNC from cord blood or PB (2 Â 10 6 /mL) were incubated at 37 C in serumfree Iscove's modified Dulbecco's medium in the absence (control) or presence of 100 ng/mL C5a. After 24 hours, the cell-conditioned media were collected and analyzed by zymography to determine MMP-2 and MMP-9 activities as described previously [21] . Cell lysates were also collected and analyzed for expression of MT1-MMP by Western blot, as we described previously [18] . Densitometric analysis was carried out using the AlphaEase FCr image analysis software (Alpha Innotech).
Statistical analysis
The correlations between desArg C5a plasma levels and CD34 þ cell and WBC counts were analyzed using linear regression. Correlation coefficient values (r) O 0.5 were considered significant. Arithmetic means and standard deviations were calculated and statistical significance was defined as p # 0.05 using Student's t-test. 
Results
C5 cleavage fragment levels are higher in the plasma of good mobilizers Because mobilization is impaired in C5-deficient mice [14, 19] , we first evaluated whether plasma levels of C5 cleavage fragments differ in patients who are good vs poor mobilizers. Because in human plasma or serum, C5a is rapidly cleaved to the stable desArg C5a form, we employed an ELISA assay using monoclonal antibody specific for human desArg C5a. Initially, we evaluated three plasma samples obtained from patients having broadly different mobilization responses and that had been stored at À70 C for less than a month. Patient no. 1 was a very poor mobilizer (CD34 þ cells, 4/mL; WBC, 0.9 Â 10 6 /mL); patient no. 2 was an intermediate mobilizer (CD34 þ cells, 78/mL; WBC, 14.2 Â 10 6 /mL); and patient no. 3 was a very good mobilizer (CD34 þ cells, 321/mL; WBC, 47.9 Â 10 6 / mL). Figure 1A shows that patient no. 3 exhibited the highest plasma level of desArg C5a (37.9 6 1.0 ng/mL), while patient no. 1 had the lowest (1.4 6 1.9 ng/mL). We then screened plasma samples taken from more mobilized patients (n 5 9) and stored for longer periods of time and found significant positive correlations between the number of CD34 þ cells/mL in the blood and plasma desArg C5a levels (r 5 0.81, p 5 0.04, Fig. 1B, left panel) , and between WBC count and desArg C5a levels (r 5 0.87, p 5 0.005, Fig. 1B , right panel) on the day of leukapheresis. It is worth noting that the ELISA results of plasma samples that were stored for a longer period had relatively higher levels of desArg C5a, reflecting gradual in vitro complement activation during storage.
desArg C5a but not C5a chemoattracts PMN cells at physiological concentrations Previously, we have shown that desArg C5a chemoattracts mouse BM MNC [19] . To evaluate the role of C5 cleavage fragments in the mobilization of human HSPC, we examined the chemotactic responses of PB and BM nucleated cells to physiological concentrations of C5a and desArg C5a. We found that these cells were strongly chemoattacted to desArg C5a, but not to C5a ( Fig. 2A) and, interestingly, chemoattraction toward desArg C5a was several times stronger than that toward SDF-1 (50 ng/mL). On the other hand, neither desArg C5a nor C5a chemoattracted human colony-forming unit granulocyte-macrophage progenitor cells (Fig. 2B ).
C5a/ desArg C5a receptor CD88 is expressed on myeloid precursors and mature cells and G-CSF upregulates it
Next, we examined the expression of CD88 on human hematopoietic cells at different levels of maturation/differentiation. CD88 could not be detected in CD34 þ cells isolated from BM, mPB, and cord blood (Fig. 3A) , which is consistent with their lack of response to C5a and desArg C5a as described here (Fig. 2B) . However, CD88 appeared first on the surface of ex vivoÀexpanded myeloid and megakaryocytic precursors (day 6) (Fig. 3B) . When we compared CD88 expression on normal (steady-state) PB lymphocytes, monocytes, and PMN cells with their mPB counterpart cells, we found that although surface CD88 was undetectable on lymphocytes from either population, it was expressed on normal PB monocytes and PMN cells and even more highly on monocytes and PMN cells from mPB (Fig. 3C) . When we stimulated normal steady-state BM leukocytes with G-CSF in vitro, we found that it upregulated CD88 surface expression on these cells (Fig. 3D) . Taken together, these data indicate that during in vivo G-CSFÀinduced mobilization or in vitro preincubation with G-CSF, CD88 expression increases on more mature myeloid cells.
C5a decreases surface CXCR4 expression on PMN cells
As the SDF-1/CXCR4 axis plays a critical role in HSPC mobilization, we evaluated the effect of C5a on CXCR4 expression in various leukocyte subpopulations derived from normal PB and G-CSFÀmobilized PB. CXCR4 expression on each subpopulation was evaluated using CD45 gating (Fig. 4A) . We found that CXCR4 expression is significantly lower in PMN cells obtained from mPB than from normal PB, but does not differ between the monocyte and lymphocyte populations from either source (Fig. 4B) . We also found that C5a reduces CXCR4 surface expression (in a dose-dependent manner) on monocytes and PMN, but not on lymphocytes (Fig. 4C) .
To confirm that C5a suppressed CXCR4 surface expression, we stained PMN cells for CXCR4 after incubating them with C5a and anti-C5a antibody. We found that anti-C5a antibody reversed the reduction in CXCR4 expression brought about by C5a (Fig. 4D) . We also observed that G-CSF reduces expression of CXCR4 (Fig. 4C) , which is consistent with the findings by others that G-CSF downregulates CXCR4 on myeloid cells [22] .
C5a stimulates expression of proteolytic enzymes in PMN cells and MNC
As proteolytic enzymes play a critical role in the mobilization of HSPC, we examined whether C5a treatment induces MMPs and CPM expression. MMP secretion was quantified by densitometric analysis of zymograms in the absence or presence of exogenous C5a, corresponding to basal and induced levels of MMP activity, respectively. We found that C5a treatment of PMN cells and MNC derived from normal PB enhances MMP-9 activity up to threefold (Fig. 5A) . As measured by gel-based RT-PCR, C5a also slightly upregulated or had no effect on expression of MT1-MMP in MNC and PMN cells, but when real-time RT-PCR was used, a significant upregulation could be observed in MNC (Fig. 5B) . Using Western blotting, we confirmed an upregulation of MT1-MMP by C5a in leukocytes and MNC. Furthermore, after incubation of PMN cells and MNC, expression of the CPM gene increased about twofold with C5a (Fig. 5C ).
C5a decreases chemotactic responsiveness of PMN cells to an SDF-1 gradient, which is restored by MMP inhibitors We then used a chemotaxis assay to determine whether C5a-induced reduction of CXCR4 expression on PMN cells results in abrogated responses to SDF-1 and found lower chemoattraction of C5a-treated cells toward various gradients of SDF-1 (Fig. 6A) . Moreover, in the presence of the MMP inhibitors (epigallocatechin gallate and o-phenanthroline), but not with neutrophil serine protease inhibitor (phenylmethylsulphonyl fluoride), chemotaxis toward SDF-1 was restored, which further confirms that CXCR4 downregulation is mediated by MMPs (Fig. 6B) .
Discussion
The increased use of mPB as a source of HSPC has challenged clinical investigators to find new targets for agents that can improve the efficiency of stem cell mobilization and collection [23] . The initial report that mobilization in patients suffering from severe combined immunodeficiency disease was significantly lower than in normal donors [10] suggested that the immune system could be linked to the mobilization process. Indeed, our recent studies show that the CC is activated during mobilization and that complement cleavage fragments modulate HSPC trafficking [4] . Previously, we reported that C3a/C3aR-deficient mice are good mobilizers [13] and, conversely, cells from C3aR-deficient mice display defective homing after hematopoietic transplant [24] . On the other hand, C5-and immunoglobulin-deficient mice (which do not activate complement by the classic pathway) are poor mobilizers [14] . Hence, the aim of this study was to elucidate C5a/ desArg C5a-mediated mechanisms that govern egress of HSPC from the BM into the circulation during G-CSFÀinduced mobilization. This could shed more light on why some patients mobilize HSPC better than others.
We found that, like murine HSPC, immature human HSPC do not express the C5a/ desArg C5a receptor (CD88) [19] , although more mature myeloid cells do. This supports the idea that the promobilization effects of C5a/ desArg C5a are mediated indirectly through more mature cells rather than directly on HSPC [1] . In particular, we know that neutrophils are essential for HSPC mobilization as neutropenic mice do not mobilize, but this process can be restored by the infusion of purified mature neutrophils [25] . Moreover, we and others have shown that the release of granulocytes from the BM always precedes mobilization of HSPC in murine models as well as in mobilized patients [19, 26] . Furthermore, we demonstrated here that in the PB of mobilized patients, monocytes and PMN cells express CD88 in significantly higher levels than in normal unmobilized PB, and that in vitro G-CSF stimulation upregulates CD88 surface expression in steady-state BM leukocytes. In fact, a variety of chemotactic factors, including C5a/ desArg C5a, has been shown to induce a rapid neutrophilia in PB when injected intravenously into rabbits and mice, indicating that these factors can create gradients from the blood across the sinusoidal endothelium, thereby driving the egress of neutrophils from the BM [27] . Moreover, we recently showed that desArg C5a, but not C5a, is a strong chemoattractant for murine granulocytes [19] . Consistently in this work, we found that desArg C5a strongly chemoattracted human PB and BM nucleated cells and that high desArg C5a levels in plasma correlated with good HSPC mobilization response as well as WBC count in the PB.
The next important finding we report here is the decrease in surface expression of CXCR4 in PMN cells treated with C5a, an effect that was reversed by anti-C5a antibody. More interestingly, we demonstrated that the C5a-mediated attenuation in CXCR4 expression in PMN results in reduced chemotactic responsiveness to an SDF-1 gradient.
In addition to reduced CXCR4 expression, the decrease in retention of HSPC in BM could be due to a declining concentration of functional SDF-1 [28] . As reported, a drop in SDF-1 levels in the BM occurs during G-CSFÀin-duced mobilization and coincides with a peak in proteolytic activity [29] . Once released into the BM microenvironment, various proteases can cleave and inactivate a number of molecules essential to the retention of HSPC within the BM. In particular, SDF-1 is a substrate for neutrophil elastase, cathepsin G, MMP-2, MMP-9, CD26/DPPIV, and CPM [15, 16, [30] [31] [32] . Here we demonstrated significant upregulation of MMP-9 in PMN and MNC by C5a, consistent with a previous study [33] . Increased MMP-9 in neutrophil cytoplasm has been detected by immunohistochemical staining of BM sections after mobilization with G-CSF [34] . For the most part, neutrophils are considered the predominant MMP-9Àsecreting cells involved in HSPC mobilization. We envision that SDF-1 in the BM is inactivated by MMP-9, thereby weakening HSPC tethering in the BM niche and subsequently causing their egress. Although in this work we did not employ enzymatic assays using fluorescent peptide substrates to establish enhanced MMP-9 activities induced by C5a, we were nevertheless able to indirectly demonstrate that the effects mediated by C5a (such as decreased cell surface CXCR4 expression and abrogated chemotactic response toward an SDF-1 gradient) may be mediated through MMPs because these effects were reversed in the presence of MMP inhibitors.
Aside from soluble MMP-9, C5a also enhanced expression in PMN cells and MNC of two membrane-bound enzymes known to inactivate SDF-1, namely MT1-MMP and CPM. MT1-MMP degrades extracellular matrix macromolecules, cytokines, and chemokines, including SDF-1, and stimulates cell mobility and migration [35] . We previously showed that mesenchymal stem cells, BM CD34
þ cells, and hematopoietic progenitors, such as colony-forming unit megakaryocyte express MT1-MMP, which mediates their migration [18, 20, 36] . MT1-MMP also mediates migration of endothelial cells and monocytes [37, 38] . Moreover, MT1-MMP activates proÀMMP-2, which contributes to the elevation of the proteolytic activity in the BM microenvironment and subsequently mobilization of HSPC [39] . Recently, we reported that CPM is ubiquitously expressed by cells in the BM microenvironment and is upregulated by treatment with G-CSF [16] . Unlike the other proteases (e.g., elastases, cathepsin G, and MMP-9, released in large amounts in the BM by neutrophils during G-CSFÀinduced mobilization), which inactivate SDF-1a by cleaving amino acids in the N-terminal region, CPM rapidly cleaves the Cterminal lysine of SDF-1a, resulting in attenuated chemotactic responses of HSPC in vitro [16] . Moreover, because it has been suggested that the C-terminal lysine of SDF-1a contributes to its binding on the cell surface and preserving the activity of SDF-1a [40] , we proposed that CPM cleavage of lysine could facilitate release of SDF-1a from the cell surface, rendering it more susceptible to degradation by other proteases.
Our results underscore the contribution of C5a in creating a highly proteolytic microenvironment in the BM that is conducive to the egress of HSPC, as well as the indispensable role of neutrophils in creating a path through the endothelial barrier for the HSPC to pass through [19, 24, 41, 42] . Treatment with Fms-like tyrosine kinase 3 ligand and stem cell factor is also associated with a decrease in SDF-1 in the BM and it has been shown that suppression of SDF-1Àproducing osteoblast lineage cells appears to be a shared feature of cytokineinduced HSPC mobilization [43] . Here we show that C5a cleavage fragments affect SDF-1 level indirectly by promoting proteolytic degradation of this chemokine.
Taken together, our findings support a model in which signals induced by G-CSF that contribute to mobilization are generated as part of the innate immunity response and converge at the SDF-1/CXCR4 axis. The experiments performed here on human cells as well as our recently published data on an animal model [19] support the idea that C5 cleavage fragments modulate egress of HSPC into mPB at different stages. First, by increasing the secretion of proteolytic enzymes from granulocytes, they attenuate the function of the SDF-1/CXCR4 axis that plays a crucial role in retention of HSPC in BM. Next, by chemoattracting granulocytes, they promote their egress through the endothelial barrier, thus facilitating (or ''paving the way'') for subsequent egress of HSPC. Finally, as we demonstrated recently, some cationic peptides secreted by granulocytes activated in PB by C5a may increase the responsiveness of HSPC to the serum SDF-1 level [19] . On this basis, the role of C5a in HSPC mobilization that we show here lends credence to the notion that HSPC trafficking and innate immunity are dynamically linked and are regulated in a cooperative and reciprocal manner. Our results provide additional insights into an understanding of the directional cues governing the migration of HSPC from the BM, and thus may help promote development of more efficient mobilization strategies.
